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ABSTRACT Cyg X-3 is an unusual X-ray binary which shows remarkable correlative behavior 
between the hard X-ray, soft X-ray, and the radio. We present an analysis of these long term light 
curves in the context of spectral changes of the system. This analysis will also incorporate a set 
of pointed RXTE observations made during a period when Cyg X-3 made a transition from a 
quiescent radio state to a flaring state (including a major flare) and then returned to a quiescent 
radio state. 
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1. INTRODUCTION 

Cyg X-3 is a very unusual X-ray binary (see Bonnet-Bidaud & Chardin 1988 for a 
review) which does not fit well into any of the established classes of X-ray binaries. 
Cyg X-3 is also a very active radio source which has shown the presence of relativistic 
jets (Mioduszewski et al. 1998). 

In recent studies (McCollough et al. 1997a, 1997b, 1998) the following discov- 
eries were made: (a) During times of moderate radio brightness (~ 100 mJy), and 
low variability the hard X-ray (HXR) flux anticorrelates with the radio, (b) Dur- 
ing periods of major flaring activity in the radio the HXR flux switches from an 
anticorrelation to a correlation with the radio, (c) The HXR flux has been shown 
to anticorrelate with the soft X-ray (SXR). This occurs in both the low and high 
SXR states. 
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2. LIGHTCURVES AND HARDNESS RATIOS 



To better understand the behavior of Cyg X-3 in the X-ray, lightcurves and 
hardness ratios have been created from the CGRO/BATSE and RXTE/ASM data: 

(a) BATSE Hardness Ratio: In Fig. 1 is the (50 100 kcV)/(20-50 keV) 
hardness ratio as a function of the 20-100 keV flux. One can see from this plot the 
HXR spectrum becomes harder during flaring activity in the radio. 

(b) ASM Lightcurves/Hardness Ratios: From the three ASM energy bands 
two hardness ratios can be created [Hi ow = (3.0-4.8 keV)/(l. 3-3.0 keV), Hhigh — 
(4.8-12 keV)/(3.0-4.8 keV)]. In Fig. 2 are time histories of the ASM flux and the 
hardness ratios. Hi ow shows no trend with activity in the radio. But Hhigh becomes 
softer during radio flaring and becomes harder during periods of radio quiescence. 

(c) BATSE/ ASM Hardness Ratio: Fig. 3 is a (20-50 keV)/ (4.8-12 keV) 
hardness ratio as a function of the total ASM flux. The spectrum becomes softer 
as the ASM flux increases. 

The anticorrelation between the HXR and SXR in Cyg X-3 indicates a pivoting 
behavior similar to that seen in Cyg X-l (Zhang et al. 1997). However, BATSE 
hardness ratios indicate that the spectrum above 20 keV becomes softer during 
times of radio quiescence, which implies something more complicated than simple 
spectral pivoting. 

3. POINTED RXTE OBSERVATIONS 

To probe the various X-ray/radio states of activity in Cyg X-3 a series of target 
of opportunity observations, with RXTE, were made starting during an extended 
quenched radio state and following Cyg X-3 through a large flare and into radio 
quiescent state. 

Cyg X-3's X-ray spectrum is known to be complicated with several different 
components (Nakamura et al. 1993). The most dominant component is an absorbed 
power-law with an exponential cut-off at high energy (a Comptonized spectrum). 
In Fig. 4 we shown three count spectra overlayed which show a pivoting around 10 
keV. During radio quiescent activity the spectrum hardens but above 15 keV the 
spectrum rolls over and becomes steeper, explaining the softening seen in the HXRs. 
It can be seen that the X-ray spectrum substantially changes for the different radio 
states in a way consistent with both ASM and BATSE hardness ratios. 
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BATSE Hardness ratio vs. BATSE Flux 
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FIGURE 1. Plot of the (50-100 keV)/ (20-50 keV) hardness ratio as a function of the 20- 
100 keV flux, determined from the BATSE data, using 3 day averages. In red are times of 
quiescent activity in the radio and in blue are times of flaring activity. 



ASM Intensity and Low energy Hardness ratio vs. 'lime of Cyg X-3 
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ASM Intensity and High energy Hardness ratio vs. Time of Cyg X-3 



FIGURE 2. Top: Plot of time histories of the ASM flux (1.3-12 keV) and the (3.0-4.8 
keV)/(1.3— 3.0 keV) hardness ratio, using 3 day averages. The periods denoted in red are 
periods of radio quiescence and periods denoted in blue are times of flaring activity. Bottom: 
Plot of time histories of the ASM flux (1.3-12 keV) and the (4.8-12.0 keV)/(3.0-4.8 keV) 
hardness ratio. 
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FIGURE 3. Plot of the (20-50 keV)/(4.8-12 keV) hardness ratio determined from the BATSE 
and ASM data. Three day averages of the data were converted to Crab units and a hardness 
ratio was calculated. The red are times of quiescent activity in the radio and the blue are 
times of flaring activity. 
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FIGURE 4. RXTE/PCA Count spectra are shown for three observations of Cyg X-3. The 
spectrum in red is the PCA observations taken just after the radio had come out of a state of 
quenched emission. The spectrum in green is the PCA observation taken just after a major 
radio flare. The spectrum in blue is the PCA observation taken during a radio quiescent 
state. Each spectrum is a 500 second integration performed near the intensity peak of each 
observation. 
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